Two cases of pediatric patients with heart failure are presented. One child presented with vomiting and the other a child with a history of asthma who had respiratory distress. Though their presenting complaints are common, the diagnosis was made based on careful examination and consideration of abnormal findings. Abnormal vital signs (tachycardia, bradycardia, hypotension) or physical exam findings (heart murmur or gallop, right upper quadrant pain) can provide important clues to accurate and timely diagnosis.
Introduction
Diagnosing the rare patient with myocarditis or cardiomyopathy in a child in the acute care setting is essential, but frequently such patients present with symptoms more commonly associated with other illness or disease. How can the practitioner identify the clues that the common symptom presentation is anything but common? We present two cases of children with heart failure and discuss the important aspects of diagnosis.
Case presentation
Case report 1 A previously healthy 3-year-old Hispanic female is brought to the emergency department (ED) for vomiting. Her parents reported that she had three episodes of nonbloody, non-bilious emesis over 1 day and seemed fatigued. They reported no fevers, diarrhea, abdominal pain, rashes, or upper respiratory symptoms. Her past medical history was unremarkable except for an episode of hemolytic anemia at 15 months following a viral illness. The patient was initially taken to her primary care provider where she was found to be less interactive than usual, pale, and unwilling to walk or play.
The patient was sent to the ED for further evaluation. She was somnolent but responsive to tactile stimulation. Her extremities were cool and mottled with delayed capillary refill. The lungs were clear and the heart tones were normal with no murmurs, gallops, or rubs. Her heart rate was 40 beats per minute. Electrocardiogram (ECG) monitoring revealed intermittent third degree heart block with bradycardic episodes, during which she had decreased responsiveness. A venous blood gas revealed metabolic acidosis, with a pH 7.09 and a base deficit of 16. She was given a 10 mg/kg normal saline bolus, started on an isoproterenol drip, and placed on 6 liters of oxygen by mask. Her heart rate increased to 140 and her oxygen saturation was maintained at 100%. A chest radiograph showed no cardiomegaly, effusion, pulmonary infiltrate, or edema. She was subsequently transferred to the pediatric intensive care unit for ongoing evaluation and treatment.
Laboratory values indicated myocardial damage: BNP 1150, troponin I 50.54, and CK-MB 65. An echocardiogram revealed normal ventricular contractility with left ventricular wall edema and an abnormal shortening fraction of 29%. Multiple studies were sent, including blood cultures, viral PCR for enterovirus, Mycoplasma, EBV, CMV, parvovirus, and Lyme titers, all of which returned negative. Rheumatologic studies were sent and were significant for low complement levels.
A cardiac catheterization and biopsy showed severe lymphocytic infiltration with myocyte necrosis, myocardial edema, and early interstitial collagen deposition. She was treated with IVIG and methylprednisone for presumed myocarditis with improvement of her symptoms, lab values, and rhythm.
The patient was discharged home on hospital day 12 on captopril and a prednisone taper with a return to normal cardiac function. Follow-up in cardiology clinic revealed a normal exam, return to baseline behavior, and normal echocardiogram.
Case report 2
An 8-year-old African-American male with a history of asthma presented to his primary care provider for increasing exercise intolerance, shortness of breath, and cough for one day. He was started on methylprednisone and albuterol for possible exacerbation of his asthma. He returned to his pediatrician four days later for follow-up with increasing respiratory distress and shortness of breath and was referred to the ED for further evaluation.
On arrival to the emergency department, the patient was alert, awake, and cooperative. He walked into the room effortlessly, though did appear to have mild shortness of breath. His examination was notable for quiet heart sounds a possible holosystolic murmur and a quiet gallop. Although his liver edge was hard to feel, given the size of the patient, he was tender in the right upper quadrant. His extremities were warm and well-perfused, although radial pulses felt weak. He was placed on oxygen via nasal cannula. A chest radiograph showed an enlarged cardiac silhouette with pulmonary edema. An echocardiogram demonstrated a severely dilated left ventricle, severely depressed left ventricular function, moderate mitral and tricuspid regurgitation, and elevated right-sided pressures. He was noted to have a shortening fraction of 14%. Initial labs were unremarkable except a BNP 1150. He was admitted to the cardiac intensive care unit for further evaluation and treatment.
The patient was initially maintained on oxygen via nasal cannula but developed increased work of breathing that required CPAP and diuretic therapy. He was placed on milrinone captopril, and furosemide to improve cardiac function and decrease fluid overload. A cardiac catheterization confirmed a dilated cardiomyopathy and biopsy showed nonspecific acute inflammation. Prophylactic heparin anticoagulation was initiated due to his dilated ventricles and poor ventricular function. Viral studies and blood cultures were negative except for one culture that grew Streptococcus viridans. He was placed on ceftriaxone for possible bacteremia.
Despite slow improvement in cardiac enzyme studies, the patient continued to require increasing amounts of milrinone and diuretic therapy. He developed increasing respiratory distress with increasing CPAP needs and sildenafil was initiated due to concern for pulmonary hypertension. His condition continued to deteriorate and the patient was placed on a waiting list for cardiac transplantation.
Discussion
Early and accurate diagnosis of a child with heart failure can be a difficult task. Though the majority of cases of pediatric heart failure occur in the first year of life in children with congenital heart disease, older children may present with failure due to acquired disease such as myocarditis or cardiomyopathy, as illustrated by our cases.
Pathophysiology
Myocarditis is caused by inflammation of the myocardium with necrosis of the myocytes. Viral infections, predominantly adenovirus and coxsackievirus, are responsible for the majority of cases. However, bacteria, drugs, and toxic exposures have also been implicated [1] [2] [3] . Though an infectious agent often causes the initial damage, molecular mimicry between the inciting agent and myocytes often leads to an autoimmune response that increases inflammatory infiltration of the myocardium and allows disease progression.
As damage to the myocardium continues, patients may develop varying degrees of ventricular dysfunction and/or dilatation. Dilated cardiomyopathy is characterized by a dilated left ventricle with systolic dysfunction and signs of congestive heart failure [4] . Several studies have found an incidence between 0.34 and 1.09 cases per 100,000 patients per year with the majority of identified cases caused by myocarditis [5] .
Heart failure occurs when the heart is unable to provide adequate blood volume to meet the circulatory and metabolic demands of the body. In a healthy child, the heart can compensate for increased demands by increasing the heart rate, increasing the contractility of the ventricles, increasing preload, or decreasing peripheral resistance, all of which lead to increased flow of blood volume to those areas in need of more oxygen. When the demands of the body placed on the heart exceed its ability to compensate, failure occurs.
In fulminant cases, patients present in decompensated shock with classic signs of pulmonary edema, tachycardia, and hypoxia making the diagnosis clear and subsequent treatment immediate. But the practitioner must also consider the possibility of cardiac disease in those individuals with more atypical symptoms or insidious onset. Older patients may complain of shortness of breath, fatigue, or wheezing, making the presentation difficult to distinguish from asthma exacerbations [6] . Younger children may present with non-specific malaise or decreased energy, as are often seen with viral illnesses, sometimes associated vomiting is the primary symptom concerning the parents [7] .
Patients may present with symptoms of low cardiac output including fatigue, cool extremities, dizziness, altered level of consciousness, or syncope. Initial damage to the myocardium can lead to exercise intolerance from decreased myocardial function. Increasing dilatation of the heart chambers with poor contractility and function can lead to pulmonary congestion. Atrio-ventricular nodal infiltration presents as rhythm disturbances and complete heart block while ventricular dysrhythmias can lead to seizures, chest pain, and sudden death.
Diagnosis
There are no definitive tests for myocarditis or cardiomyopathy. The clinician must be alert for the possibility of heart failure in any patient, and should start with a thorough physical examination, paying special attention to presenting vital signs. The patient's heart rate may be a clue of underlying cardiac disease. Tachycardia is commonly seen and usually relates to fever, fear, or a pulmonary problem. However, tachycardia may also be seen in a failing heart with arrhythmias or decrease in ventricular contractility, causing poor cardiac output. Bradycardia is more rarely seen in the acutely ill patient and merits further evaluation for cardiac dysfunction.
Respiratory rate and blood pressure can both help identify patients at high risk for cardiac disease. Though tachypnea is usually seen in patients with fever and pulmonary processes, the practitioner must consider the possibility of pulmonary edema from a failing heart. Hypotension is an ominous sign. While most patients with mild heart failure remain normotensive early in the course of illness, cardiac decompensation with progression of illness will lead to hypotension and cardiogenic shock.
Patients with heart failure may present with a normal cardiovascular examination, but a careful survey can reveal important markers of cardiac disease. A new murmur or gallop may be heard with valvular or myocardial dysfunction. A hyperactive precordium may be felt on palpation as the dysfunctional myocardium struggles to maintain cardiac output. Diminished peripheral pulses or mottled, cool extremities can provide valuable evidence of diminished peripheral perfusion. Poor perfusion may indicate poor ventricular function instead of dehydration, even in light of vomiting or decreased oral intake.
Wheezing is the classic sign of asthma exacerbation but can also be an important physical finding in patients with myocarditis or cardiomyopathy. Children with cardiac dysfunction are most likely to present with increased work of breathing, tachypnea, retractions, and nasal flaring as opposed to rales or other adventitial lung sounds. The practitioner should consider a cardiac etiology for respiratory symptoms in a known asthmatic if conventional treatments fail to produce improvement or there are other clues present (e.g., vital signs, heart exam, peripheral pulses).
Abdominal pain can be a presenting symptom in patients with heart failure. Venous congestion due to a failing heart can not only cause pulmonary edema, but also lead to hepatomegaly. Right upper quadrant pain and hepatomegaly in the presence of other concerns should also bring up concerns for a cardiac cause for abdominal pain. Abdominal pain, nausea and vomiting may result from hepatic congestion, rather than the more common diagnoses of gastroenteritis or appendicitis. Physical examination may reveal an enlarged liver or tender liver edge.
Initial testing should include an ECG, chest radiograph, and cardiac enzymes once heart failure is suspected [8] . A 12 lead ECG may show arrhythmias, ST changes, heart blocks, or low voltages, though the most common rhythm is sinus tachycardia [9] . A chest radiograph may reveal cardiomegaly or signs of pulmonary edema but in some cases may be completely normal. Elevations in cardiac enzymes are often seen and can help delineate the extent of disease and prognosis.
Conclusion
Ultimately, diagnosing heart failure in the pediatric population begins with maintaining a high index of suspicion. Vital signs should be reviewed and potential diagnoses broadly considered. Additionally, physical exam should be thorough and directed. Only after the diagnosis is considered can additional testing help corroborate your diagnosis and lead the appropriate treatment. It is often difficult to make the diagnosis of heart failure if failure is not consciously considered as a possibility. Armed with knowledge and clinical suspicion, the astute physician will make this diagnosis hard to miss.
Consent
Verbal informed consent was obtained from the family of the patient presented in case #2. Written informed consent could not be obtained from the patient in case #1 because the family was lost to follow-up. Despite repeated attempts we were unable to trace the patient or family. We believe this case report holds a worthwhile clinical lesson which could not be communicated effectively in any other way. Every effort has been made to keep the patients' identities anonymous. We would not expect the patients or their families to object to publication.
